• P. betle (PB) is commonly chewed as betel quid (paan) and is reputed as a famous medicinal spice.
have provided insight into the antibacterial activity, antibiotic modulating activity and the phytochemical profile of P. betle. has become a unique reference statement throughout history (Totelin, 2015) . It has also been observed that several drugs originated from plant sources. For instance, Galega officinalis gave rise to the antidiabetic drug namely Metformin® while Illicium verum (star anise) was used in the development of Tamiflu® to manage AH1N1 (Grover et One famous culturally used medicinal food plant that has attracted much interest is P. betle L., also known as 'betel leaf' which is very popular in Asian countries (Satyal and Setzer, 2011; Periyanayagam et al., 2012) . Piper betle belonging to the botanical family Piperaceae, is often referred to as 'Golden heart of nature' and has been acclaimed for both its nutritive value and traditional uses (Pradhan et al., 2013) . Native to Central and Eastern Malaysia, this perennial evergreen vine has been mentioned in ancient texts like Sri Lanka Historical Book 'Mahawamsa' Mahawamsa" written in palli as well as in Sanskrit texts, including Charaka, Sushruta Samhita and Astanga Hradayam (Pradhan et al., 2013) . There are reports of P. betle use dating back to 3000 BC in Timor in Indonesia and in the blacked teeth of a human skeleton in Palawan in the Philippines 2600 BC (Pradhan et al., 2013) . This shade loving vine, with strong aromatic taste and smell, has other popular names including paan (in Hindi/ Nepali), vetta/ vettila (in Malyalam), phlu (in Thai), and sirih (in Bahama Indonesian) (Satyal and Setzer, 2011; Khan et al., 2013; Kumari and Babu Rao, 2014) . In relevance to citations in the Indian scriptures, the significance of P. betle has been explained in relation to every sphere of human life including social, cultural, religious and even day-to-day life, which is relevant even in the contemporary day (Guha, 2006) . Even today, a wellprepared betel quid or paan (betel in combination with many other ingredients like sliced areca nut, slaked lime, coriander, aniseed, clove, cardamom, sweetener, coconut scrapings, jelly, pepper mint, flavouring agent, and fruit pulp) is still viewed as a brilliant mouth freshener and mild vitalizer, usually served on the social, cultural and religious occasions like weddings, Puja (religious festivals), Sraddha ceremony (religious function performed after cremation) and is further offered to visiting guests in view to show respect (Guha, 2006) . Furthermore, P. betle remains one of the most famous spices in Nepal, India, and China mainly due to its strong sweet-smelling aroma (Satyal and 
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Materials
All reagents were obtained from Sigma Aldrich® (Germany). ATCC strains 
Preparation of plant extracts
For the aqueous extract preparation, 250 ml of boiling water was poured over 50 g of powdered leaves placed in a 500 ml conical flask (Arawwawala et al., 2011) . The mixture was shaken with the help of a magnetic hot plate stirrer for over 4h. Extraction with other solvents was carried out based on a modified method of Ishnava et al., (2013) where 50 g of powdered leaves were macerated in 250 ml solvent for 24 h using the following solvents with decreasing polarity: ethanol, ethyl acetate, acetone, and dichloromethane. The macerates were, then, filtered through filter paper (Whatman). The residual materials from the funnel are used for re-extraction with a same volume (250 ml) of solvent. The filtered solution was evaporated in a rotary evaporator under vacuum at 45 °C. The dry extract and stock solutions were kept at +4 °C until further analysis. 
Antibacterial activity
Inoculum preparation
Antibacterial assay
The antibacterial ability of the P. betle extracts was assessed using modified antimicrobial assay using 96 well microtitre-plate as described by Drummond and Waigh, (2000) . Briefly, using aseptic techniques a single colony of microbe was transferred into a 100 ml bottle of peptone water broth, capped and placed in incubator overnight at 35 °C.
After 12-18 h of incubation, using aseptic preparation and the aid of a centrifuge, a clean sample of microbe was prepared. To the sterile microtitre plates, 100 μl of peptone water broth was first added to all wells, followed by 100 μl of extract or control. Then, 100 μl of 
Bacteriostatic and bacteriocidal activity
The bacteriostatic and bacteriocidal activity was determined using a modified assay by Aumeeruddy-Elalfi et al., (2015) . Briefly, 10 μl of broth from uncoloured wells (where no bacterial growth was observed in the previous MIC assay), corresponding to the MIC value was inoculated on sterile Mueller-Hinton agar plates, and incubated for 18-24 h. Growth of bacteria indicates bacteriostasis while no growth indicates bacteriocidal effect.
Antibiotic potentiating assay
The antibiotic potentiating effects of the different extracts of P. betle were determined using an adapted Checkerboard method (Orhan et al., 2005) . According to the ratio of plant extract: antibiotic being tested, appropriate amount of peptone water was distributed into 56 wells (8 x 8) so that the final volume of the combination is 100 μl. The antibiotic was serially diluted along the vertical axis while the plant extract was serially diluted along the horizontal axis so that each well represents a unique concentration of the combination being tested. 100 μl of previously prepared bacterial culture was then added to each well and the plates were left to incubate overnight in aerobic conditions and ambient temperature. After the incubation period, 40 μl of iodonitrotetrazolium chloride (INT) (0.2 mg/ml) was added to the wells and left to incubate for an additional 20 minutes. The plates were assessed visually. All the tests were carried out in triplicates.
Fractional inhibitory concentration index and interpretation
The wells at the growth-no growth interface were determined and the individual Formerly, ƩFIC was interpreted as synergistic when ƩFIC was less than 1.00 and antagonistic if ƩFIC was more than 1.00. This study has used a more recent conservative and adapted approach where synergy was interpreted if ƩFIC was less or equal than 0.5 (Odds, 2003) . Additive effects were considered for ƩFIC more than 0.5 but less than 1.00, indifference was indicated by ƩFIC more than 1.00 but less than 4.00 and antagonism was shown by ƩFIC more than 4.00 (de Rapper et al., 2012).
Determination of total phenolic, flavonoid, tannin, and anthocyanin content
The total phenolic content (TPC), was evaluated using the modified Folin-Ciocalteau assay described by Nickavar and Esbati, (2012). The plant extract (500 µl) was added to a test-tube containing a 10-fold diluted Folin-Ciocalteau reagent solution (2500 µl), and sodium carbonate (2000 µl, 7.5%). The mixture was allowed to react for 30 minutes at room temperature. The total phenolic content was then spectrophotometrically determined at 760 nm. All determinations were carried out in triplicates and results obtained were expressed as µg gallic acid equivalent (GAE)/mg.
The total flavonoid content (TFC) was evaluated according to the aluminium chloride colometric method (Amaeze et al., 2011) . The plant extract (2 ml) was added to 2% aluminium chloride solution (2 ml). The mixture was allowed to react for 30 minutes at room temperature and the absorbance was read at 420 nm. All determinations were performed in triplicates and results obtained were expressed as µg rutin equivalent (RE) / mg crude extract.
Quantitative estimation of tannin (TTC), as catechin equivalent, was evaluated using the vanillin-HCl method with slight modifications. 1 ml of extract was added in 5 ml of reagent mix containing 4% vanillin (in methanol) and 8% concentrated hydrochloric acid (in methanol). The resulting reaction mixture was vortexed and kept in the dark for 20 minutes.
The absorbance was then determined at 500 nm using a spectrophotometer, using catechin (400 μg/ml) as standard.
The total anthocyanin content (TAC) was calculated using the pH differential method (Sutharut and Sudarat, 2012) . Briefly, 1 ml (1 mg/ml) of plant extract was transferred into 10 ml volumetric flask and the volume was adjusted with buffer pH 1.0 and pH 4. 
Statistical analyses
All calculations and graphical representations were carried out using Microsoft Excel 2007. Correlations were established using Pearson's correlation coefficient through the aid of statistical software SPSS Version 21.
Results
Antibacterial activities
The antibacterial effectiveness of each extract was investigated by determining their
MICs using the micro-dilution assay. Efficacy of P. betle towards several microorganisms was defined by determining the MIC relative to standards (Streptomycin and Chloramphenicol). The results are summarised in Table 1 . Note: -refers to no inhibition; G+ refers to Gram-positive; G-refers to Gram-negative; BS refers to bacteriostatic effect.
All the extracts showed antibacterial activity, with the greatest activity observed by ethyl acetate and acetone extracts. The lowest MIC, i.e., greatest antibacterial activity was observed against S. aureus. Upon re-plating, all agar plates displayed growth of bacteria, indicating bacteriostatic activity only. This was observed against all the bacterial strains tested.
Antibiotic potentiating effect
The antibiotic potentiating activity of the plant extracts were determined using an adapted Checkerboard method and the ƩFICs were determined.
Streptomycin potentiating activity
Different combinations of plant extracts and Streptomycin were tested and the results are summarised in Table 2 .
The ethanolic extract-Streptomycin (EE-Strep) combinations, synergy was observed The 50% DCME-50% Strep combination pointed towards additive properties when used against P. acnes (ƩFIC 0.75) and S. epidermidis (ƩFIC 0.75). The 70% DCME-30%
Strep combination exhibited synergy against P. acnes (ƩFIC 0.42).
Chloramphenicol potentiating activity
Different combinations of the plant extract were analysed further for their ability to potentiate Chloramphenicol. The results are summarised in Table 3 
Comparison between effects of P. betle on Streptomycin and Chloramphenicol
EAE and ACE have been observed to display the greatest activity, especially in the 50%-50%
combinations. Thus, they were further compared and it was found that most combination with Streptomycin tend to show lower ƩFIC values (Figures 1 and 2 ). It is interesting to note that the other extracts. The highest amount of tannins was found in the EE followed by EAE.
Anthocyanin were not detected in most cases. The results have been summarised in Table 4 . 
Correlations between antibacterial activity and phytochemical content
The relationship between MIC, ƩFIC and the phytochemical content was analysed. Only MICs of bacteria which have been inhibited by all 5 extracts have been used in this analysis. It was found that when total phenolic content increases, MIC decreases (R= -0.392, p ≤ 0.05). That is, lower concentration of plant extract results in inhibitory action against bacteria. Furthermore, when total flavonoid content increases, MIC decreases (R= -0.551, p ≤ 0.01). However, no significant relationship was found between total tannin content and MIC. Additionally, no significant association was found between ƩFIC and phytochemical content.
Discussion
The present study investigated the antibacterial potential of the different extracts of P.
betle against six ATCC bacterial strains. Interestingly, we found P. betle to possess promising antibacterial potential with inhibitory activity against at least one out of the six strains tested.
The EAE and ACE showed the highest antimicrobial potential by inhibiting the growth of all strains. As indicated by the correlation analysis, the highest activity can be attributed to the highest total phenolic content of both EAE and ACE as well as their high flavonoids content.
The DCME followed by ACE and EAE in antimicrobial activity, inhibiting four out six bacterial strains tested. Despite having lowest level of phenolic compounds, DCME showed the highest amount of flavonoids explaining its high activity. Therefore, DCME might contain compounds not present in EAE and ACE which may have acted against P. aeruginosa. The difference in phenolic and flavonoid content of the extracts can be explained by the use of solvents varying in polarity which have been reported to influence the amount of phytochemicals. Polar solvents extract polar compounds while non-polar solvents extract non-polar ones. In the current study, the polar solvents include water and ethanol while medium-polar solvents include ethyl acetate, acetone and dichloromethane. In numerous studies, the phenol content was highest in the acetone extract of plant (Tatiya et al., 2011) which is in accordance to the highest phenol yield of ACE in the present study. Interestingly, ACE, EAE and DCME inhibited the growth of P. aeruginosa and S. pyogenes in contrast to Streptomycin which may indicate the presence of undiscovered bioactive constituents having antibacterial attributes in P. betle.
In support of the present study, fresh and processed leaves of P. betle have been formerly reported as an effective antibacterial agent (Tan and Chan, 2014) . Additionally, the essential oil of P. betle has been demonstrated to exhibit significant antimicrobial activity against a broad spectrum of microorganisms among which feature E. coli, P. aeruginosa, S. 
Conclusion
In this study, the decoction of P. betle leaves as used traditionally, as well as ethanolic, ethylacetate, acetone and dichloromethane extracts were evaluated via the broth microdilution assay against six bacterial ATCC strains. In addition, the antibiotic modulating activity of the extracts was studied. Interesting antibacterial and antibiotic activity of the extracts were observed which tend to validate its traditional use in the treatment and management of infectious diseases. The antibacterial activity was shown to correlate with the high amount of phenols and flavonoids present in the leaves. Additionally, synergistic or additive action was observed against numerous bacteria when P. betle was combined with conventional antibiotics. While P. betle is a potential candidate for further studies, it must be emphasized that interactions between plant natural components and synthetic drugs depend on several factors including pharmacokinetics and employed doses and therefore, 
